The objectives of this work were to compare reproduction and parturition traits of the Criollo breed Romosinuano as straightbred and crossbred cows with Angus and Brahman, to estimate heterosis and direct and maternal genetic breed effects, and to describe calf loss, cow removals from the project, the occurrence of calving difficulty, inadequate calf vigor at birth, and udder problems by cow breed groups. Cows (n = 404) were born from 2002 to 2005. After their first exposure to bulls as young cows, in all subsequent breeding seasons crossbred cows were bred to bulls of the third breed, and straightbred cows were bred to bulls of the other two breeds. Calving records (n = 1,484) from 2005 to 2011 were used to create calving and weaning rate and calving interval (excluding the interval between 2 and 3 yr of age). Final models for these traits included sire breeddam breed interaction, cow age within year, and random animal effects. Heterosis estimates for RomosinuanoBrahman calving and weaning rate were 0.06 ± 0.02 and 0.07 ± 0.03 (P < 0.05); those for Brahman-Angus were twice as large (0.13 ± 0.03 and 0.14 ± 0.03, respectively; P < 0.001). Estimates of Brahman direct effects on calving and weaning rate were −0.12 ± 0.04 and −0.14 ± 0.05 (P < 0.05); however, Angus direct effects were beneficial for both traits (0.1 ± 0.05, P < 0.05). The effect of heterosis was to reduce calving interval by -49.2 ± 9.9 and −37.2 ± 9.7 d for Romosinuano-Brahman and BrahmanAngus, respectively (P < 0.001). Romosinuano and F 1 cows sired by Romosinuano and out of Angus dams had the most occurrences of difficult births as a proportion of cows that calved (0.028 and 0.025, P = 0.04). Angussired crossbred cows and Brahman cows had the most occurrences of udder problems as a proportion of lactating cows (0.14 to 0.21, P < 0.04). There were more Brahman-sired cows that died or were culled as a proportion of those cows that began the project (0.1 to 0.28, P < 0.02) than cows in the other breed groups. RomosinuanoBrahman and Romosinuano-Angus cow performance was acceptable, but for most traits, those pairs of breeds had lower heterosis than Brahman-Angus.
INTRODUCTION
Crossbreeding is an appropriate strategy for improvement of low-heritability traits in beef production such as those related to cow reproduction. Crossbreeding with the Brahman breed is beneficial in the southern United States, where heat and humidity depress performance of nonadapted cattle. Heterosis in Brahman-Bos taurus crossbreeding programs is large and is beneficial for almost all traits of economic importance, especially for traits related to cow reproduction and calf survival (Cartwright et al., 1964) . There are Bos taurus cattle in Central and South America that have acquired some adaptation to extremes of the tropics since they were brought by explorers to the Western Hemisphere centuries ago. Those breeds could offer flexibility, complementarity, and unique strengths in crossbreeding programs (Martínez Correal, 1995) . Embryos from the Colombian Criollo breed Romosinuano were used to establish a research herd for the evaluation of the breed as straightbreds and crossbreds for beef production traits. Cow reproduction traits and traits related to successful parturition were of highest interest; Romosinuano-Brahman cross cows had a strong reputation for excellent reproduction in South America (Molina et al., 1982; Martínez Correal, 1995) . The objectives of this work were to compare reproduction and parturition traits of the Criollo breed Romosinuano as straightbreds and crossbreds with Angus and Brahman in the subtropical southern United States, to estimate heterosis and direct and maternal genetic breed effects, and to describe calf loss, cow removal from the project, the occurrence of calving difficulty, inadequate calf vigor at birth, and udder problems by cow breed groups. Traits of their calves and maternal efficiency are reported in the companion paper (Riley et al., 2014) .
MATERIALS AND METHODS
All procedures involving animals were approved by the USDA-ARS Subtropical Agricultural Research Station (STARS) institutional animal care and use committee.
Animals
The cows in this project were spring-born from 2002 through 2005 at the STARS near Brooksville, FL. They were produced by complete diallel matings among Romosinuano, Brahman, and Angus bulls and cows and consisted of 6 F 1 groups (reciprocal crosses were considered unique groups) and 3 straightbred groups. Those matings and brief histories of those 3 research herds were described previously (Riley et al., 2007) . Because of the unique history, its relative isolation, and distinctness of type of cows in the research Angus herd, approximately one-half of the Angus bulls used in the project were obtained from external sources and were representative of modern Angus types and popular bloodlines.
Breeding and Management
These females were exposed to bulls from the time they were weaned as calves until pregnancy was confirmed to assess age and size at the time of the first conception (Riley et al., 2010) . Those first calves were sired by bulls that were expected to cause minimal calving difficulty. They were born year-round, and they were weaned at approximately 3 mo of age to facilitate their transition to the next breeding season and to minimize the impact of this first lactation on subsequent performance as cows. After weaning, the cows (first-calf heifers) were pastured separately until the next breeding season, which began on March 20 of each year. All subsequent breeding seasons lasted approximately 90 d, with bulls removed from breeding herds near June 20 of each year.
After those first matings, a breeding scheme was employed (Table 1) to permit estimation of maternal heterosis for weight traits of calves by offsetting the direct heterosis component (Cundiff et al., 1974) . All F 1 cows were exposed each breeding season to bulls of the third breed. Straightbred cows were exposed to bulls of the other two breeds in approximately equal numbers. Therefore, the calves produced in this project phase were 3-breed crosses (e.g., ½ Romosinuano, ¼ Brahman, ¼ Angus produced by Romosinuano bulls and reciprocal F 1 Brahman-Angus cows) or F 1 crosses (e.g., calves produced by Romosinuano bulls and Brahman cows). Consequently, during the breeding season, 25 to 35 cows of 4 breed groups were maintained in single-sire herds: for example, F 1 Romosinuano-Brahman, F 1 Brahman- Romosinuano (sire and dam breeds presented for each breed group in that order), straightbred Romosinuano, and straightbred Brahman with a single Angus bull.
Calves were identified and weighed as soon after birth as possible. Calving difficulty of each birth was assessed using values from 1 to 5 as codes: 1) no assistance, 2) minor hand assistance, 3) moderate hand assistance or mechanical assistance, 4) major mechanical assistance, and 5) Caesarean section. Abnormal presentations and uterine prolapse were noted at that time. Calves were assigned a score indicating vigor: 1) normal vigor, 2) weak calf that nursed without assistance, and 3) weak calf that required assistance to nurse. Calves were weaned in August or September of each year at an average age of around 7 mo. Written notes were kept to record abnormal udder conditions or injuries to cows. Written notes were kept for all calf deaths; these were used to assign cause of death in broad categories. Cows were never permitted to raise twins; 1 was removed at birth. The project policy was to cull cows after 2 failures to wean a calf or for health reasons.
The target was to have 40 females in each breed group. Some breed groups exceeded that number, and some excess cows (n = 70) were randomly selected and designated to other projects or were sold.
Traits Evaluated
The traits of this study are shown in Table 2 . Calving rate was created by assigning values of 1 and 0 to cows that gave birth to a calf or did not, respectively, on the basis of exposure to bulls for breeding in the defined breeding season. Weaning rate records consisted of values of 1 and 0 assigned to cows that weaned a calf or did not wean a calf, again on the basis of exposure to bulls for breeding in the defined breeding season. Calving interval was calculated as the difference between successive calving dates. Because of the experimental design for evaluation of age at first calving, calving intervals between the first and second calvings were variable beyond the control of the cow and were therefore not included in these data for analysis. A second calving interval trait was created by removal of all records greater than 450 d to consider variation in this trait that is more independent of reproductive success contingent on the defined breeding season. Values of 0 and 1 were assigned to those births that were recorded as normal (calving difficulty score = 1) and those that were difficult (calving difficulty score > 1), respectively. In the same manner, calf vigor at birth trait was created by assigning values of 0 and 1 to calves with normal vigor (score = 1) and those that did not have adequate birth vigor (calf vigor score > 1); calves that were recorded as dead at birth were not included in analysis of birth vigor. Occurrences of udder problems or abnormalities were also recorded as 0 (none observed) or 1 (a problem with an individual cow's udder was observed at least 1 time), with 1 value per cow. Cows that died or were culled and calf deaths in the project are presented as proportions in Table 2 . Calves that had to be weaned early and sold because of the cow's poor condition or failure to raise them were considered deaths. Calf lightning deaths (or their sale because of the loss of their dams to lightning) were excluded from weaning rate analysis.
Statistical Analyses
Analyses of calving and weaning rate and calving interval were conducted using animal models with ASReml 3 (Gilmour et al., 2009 ). Pedigree information included 22,332 individuals across 58 generations. Fixed effects investigated were sire breed of cow, dam breed of cow, age in years, year of record, and their interactions. Cow (animal) was random. Calving rate and weaning rate were analyzed with generalized linear mixed models and were modeled as binomially distributed. A logit link function was applied to data for analysis and testing. Means are presented after applying the inverse link function to results. Probability values of differences of least squares means were adjusted using Bonferroni corrections for multiple testing. All other 0/1 traits were analyzed using the FREQ procedures of SAS (SAS Inst. Inc., Cary, NC). Reasons for calf deaths and cow removal were summarized and presented in categories by cow breed group (sire breed-dam breed combinations) and were tested against χ 2 expectation.
Differences between Angus-sired cows by source of Angus sire were assessed by modeling those Angus bulls from outside sources as belonging to a distinct sire breed of cow and contrasting trait means for cows sired by outside sires vs. those sired by bulls produced in the research herd, as was done previously (e.g., Riley et al., 2 Cows that were observed at any time in the project with an udder problem were given values of 1, and others were given values of 0.
2007). When that contrast was significant, it was subsequently evaluated within each dam breed.
Contrasts of least squares means were constructed to estimate breed direct and maternal effects and heterosis effects for each trait (Dickerson, 1973) . Estimates of heterosis for pairs of breeds for each trait consisted of a contrast between the averages of the crossbred and purebred groups; for example, the heterosis for Romosinuano and Brahman is ½[(RB + BR) -(RR + BB)], where pairs of letters indicate cow breed group means in which the first and second letters indicate the breed of the sire and dam of cows in the group (R, B, and A indicate Romosinuano, Brahman, and Angus, respectively). Direct breed effects for each breed were estimated as the purebred mean minus the maternal effect for that breed minus the average of the other two pure breeds; for example, the Romosinuano direct effect was estimated as RR -½[(AR -RA) + (BR -RB)] -½[(AA + BB)]. Maternal breed effects were estimated as the average difference between reciprocal crossbred groups; for example, the Romosinuano maternal effect was ½[(AR -RA) + (BR -RB)]. Within a trait, the estimates of breed direct or maternal effects sum to 0.
RESULTS AND DISCUSSION

Calving and Weaning Rate
No differences between cows sired by Angus bulls representative of modern bloodlines and those sired by Angus bulls produced from the research herd were detected for calving or weaning rate (P > 0.71). A single sire breed level was subsequently modeled for Angus. Potential fixed effects of cow birth year, cow age, and year could not be modeled together, as any two of the three effects account for the third. The best models (P < 0.05) included the effect of age nested within years for these traits. This parameterization of age and year resulted in 16 categories.
Angus-sired cows out of Brahman dams had the highest reproductive rates, higher (P < 0.05) than the 3 straightbred groups and Romosinuano-sired cows out of Angus dams and Brahman-sired cows out of Romosinuano dams (Table 3) . Among the Brahman F 1 groups, the Bos taurus-sired F 1 groups had numerically higher calving and weaning rates than the reciprocal groups, although they were not significantly different. The estimates for Romosinuano-Brahman heterosis for calving and weaning rate (P < 0.02) were less than one-half of those for Brahman-Angus (P < 0.001), which were large (Table 4) . The Brahman direct effects (P < 0.01) were negative for both calving and weaning rates; Angus direct effects (P < 0.01) were numerically positive. Brahman and Angus maternal effects for calving and weaning rates (P < 0.01) were of lower magnitude and opposite sign than the corresponding direct breed effects.
The means and heterosis estimates for calving rate in the present study were generally consistent with results reported from other work with Criollo and Bos indicus cows. As 3-and 4-yr-old cows, F 1 Romosinuano-MARC III cows had exceptionally high calving rates in Nebraska and were numerically greater than those of F 1 Brangus-, Beefmaster-, Bonsmara-, Hereford-, and Angus-MARC III cows (Wheeler et al., 2006) . Martínez Velásquez et al. (2006) reported 0.13 calving rate heterosis for GuzeratCriollo crosses in Nayarit, México. Negative calving rate heterosis (−0.08) was detected for Nelore-Criollo crosses in Argentina (Rabasa and Holgado, 2000) . The failure to detect Romosinuano-Angus calving rate heterosis in the current study differs from 0.09 reported for AngusCriollo cows in Argentina (Corva et al., 1995) and the range of 0.02 to 0.09 for Bos taurus crosses (Spelbring et al., 1977; Peacock and Koger, 1980; Cundiff et al., 1992; Newman et al., 1993) ; however, Kress et al. (1990) reported 0.27 for Hereford-Simmental in Montana. In the present study, Brahman-Romosinuano heterosis for calving rate appeared to be consistent with estimates a-c Within a trait (column), means that do not share a common superscript letter differ (P < 0.05).
of Brahman-Bos taurus from other studies (0.09 to 0.10; Cartwright et al., 1964; Peacock and Koger, 1980; Prayaga, 2004) . The Brahman-Angus estimate was more consistent with the upper range of those estimates but less than the value of 0.25 reported by Olson et al. (1990) . Brahman-Angus heterosis for calving rate was much larger (0.3) for cows grazing endophyte-infected tall fescue than that for bermudagrass (0.1; Brown et al., 2000) . Bos taurus-American breed (Brahman composites) estimates of calving rate heterosis ranged from 0.03 to 0.06 (Neville et al., 1984) . Calving rate heterosis was reported for pairs of African breeds (range of 0.02 to 0.07 for crosses of African Bos indicus or Sanga breeds: East African Zebu, Boran, Ankole; Gregory et al., 1985; Trail et al., 1985) , but Thorpe et al. (1981) did not detect heterosis for calving rate in Boran-Angoni cows. Inbred Hereford lines had calving rate heterosis as large as or larger than the estimates from the present study (0.12; MacNeil et al., 1989) . The weaning rate results in the present study were of similar magnitude as means and genetic effect results from other work in various parts of the world. Wheeler et al. (2006) reported higher weaning rates for young F 1 Romosinuano-MARC III cows than those of F 1 Brangus-, Beefmaster-, Bonsmara-, Hereford-, and Angus-MARC III cows. Weaning rate heterosis was 0.13 for GuzeratCriollo (Martínez Velásquez et al., 2006) ; however, it was not detected in Nellore-Criollo cows (Rabasa and Holgado, 2000) . Corva et al. (1995) reported a large estimate of weaning rate heterosis (0.1) for Criollo-Angus; no heterosis was detected for Romosinuano-Angus in the present study. Low estimates of heterosis for weaning rate in Bos taurus crosses were −0.03 (Gregory et al., 1978; Newman et al., 1993) , but most were in the range from 0.03 to 0.07 (Cundiff et al., 1974; Peacock and Koger, 1980; Kress et al., 1992) . Studies involving breeds with perhaps a greater milk role in their history (Brown Swiss, Milking Shorthorn) in combination with British breeds had a slightly higher range of estimates (0.09 to 0.13; Spelbring et al., 1977; Gregory et al., 1978; Olson et al., 1985) . A range of estimates from 0.1 to 0.2 of weaning rate heterosis was reported for Brahman-Bos taurus cows (Cartwright et al., 1964; Koger et al., 1975; Peacock and Koger, 1980) , but a lower estimate for Brahman-Charolais was 0.07 (Peacock and Koger, 1980) . Winder et al. (1992) reported a 0.12 weaning rate heterosis for BrangusHereford cows. Among crosses of African breeds, Thorpe et al. (1981) failed to detect heterosis for weaning rate, but Gregory et al. (1985) reported a range of 0.03 to 0.07. MacNeil et al. (1989) reported a large estimate (0.12) of weaning rate heterosis for crosses of inbred Hereford lines.
The failure to detect Romosinuano direct effects for calving and weaning rate was consistent with earlier results in these traits of Criollo cattle when crossed with British or Bos indicus breeds (Corva et al., 1995; Martínez Velásquez et al., 2006) . In contrast to Brahman direct effects estimated in the present study, Prayaga (2004) estimated beneficial direct additive effects for Brahman and Boran on calving rate.
Calving Interval
Differences among cow breed group means for calving interval were similar to those for reproductive rate (Table 3) . Romosinuano cows had a longer (P < 0.05) calving interval than reciprocal RomosinuanoBrahman cows, which were in turn longer (P < 0.05) than Brahman-sired cows out of Angus dams. In an analysis that was limited to those records less than 450 d, Angussired cows out of Romosinuano dams and straightbred Romosinuano cows had longer (P < 0.05) calving interval than Brahman-sired cows out of Angus dams. Romosinuano-Brahman heterosis for calving interval (all records included) was approximately one-third larger than that of Brahman-Angus (Table 4) . RomosinuanoBrahman heterosis was also detected (P < 0.05) for calving interval (limited to records of 450 d or less). Brahman-Angus 0.13 ± 0.028*** 16% 0.14 ± 0.030*** 18.7% -37.2 ± 9.68*** -9.1%
Direct effects Brahman -0.12 ± 0.044** -0.14 ± 0.050** Angus 0.10 ± 0.045** 0.10 ± 0.051* Maternal effects Brahman 0.06 ± 0.026** 0.08 ± 0.029* Angus -0.08 ± 0.027*** -0.08 ± 0.030* ***P < 0.001; **P < 0.01; *P < 0.05. 1 Estimates that did not differ from 0 (P > 0 05) are omitted.
Within a year-round AI breeding and calving system, the calving interval of F 1 Criollo-Bos indicus (Marchigiana and Nellore) was 432 d and was intermediate to Red Angus-Nellore F 1 cows (385 d) and GuzeratNellore F 1 cows (485 d; Perotto et al., 2006) . Heterosis for calving interval was not detected in Angus, Bos indicus, or Blanco Orejinegro cows in Colombia (Vergara et al., 2009) or in Brown Swiss-Bos indicus in Yucatán, México (Magaña and Segura Correa, 2001 ). Prayaga reported an estimate of −13.4 d for heterosis for days to calving when considering broad breed categories representing Bos indicus and Bos taurus. Syrstad (1985) combined data from multiple studies of Bos indicus-Bos taurus (dairy breeds) and estimated calving interval means by proportion of Bos taurus in the cow. Using her means for ½ Bos taurus (423 d) and 0% and 100% Bos taurus (448 and 463 d), the calculated estimate of heterosis is similar to the estimates of the current study. Vergara et al. (2009) detected favorable breed direct effects on calving interval for Angus and Blanco-Orejinegro relative to Brahman, but Magaña and Segura Correa (2001) did not detect breed direct effects for calving interval in their work with Brahman, InduBrazil, "commercial Zebu," and Brown Swiss.
Calving Difficulty and Calf Vigor
There were minimal occurrences of either calving difficulty or calves with inadequate vigor at birth (Table 5) . Breed group proportions of difficult births differed from χ 2 expectation (P = 0.04). In 11 of the 12 occurrences of calving difficulty, calves were sired by Brahman bulls; 6 of those were male calves. The tendency for large birth weights and increased occurrence of calving difficulty when Brahman bulls are mated to Bos taurus cows has been known for half a century (Cartwright et al., 1964) . Inadequate birth vigor is almost never an issue with crossbred calves; therefore, the low occurrence in this work was not surprising.
Calf Losses
The leading reason that calves were not weaned was reproductive failure (Table 6) , and breed group proportions of these differed from χ 2 expectation (P < 0.001). Besides the lightning and unknown categories, calving difficulty was the leading cause of death, and this was consistent with earlier summaries of calf losses (Laster and Gregory, 1973; Wittum et al., 1993; Nix et al., 1998) . A recent government survey reported 15.8% of calf losses as being due to calving difficulty (USDA, 2011). Although calving difficulty was a prominent cause of calf loss, it was not the leading cause in Bos indicus calves in Queensland (Holroyd, 1987) . Holroyd (1987) noted udder abnormalities as the most important factor influencing mortality of calves born to Sahiwal-cross cows. Holroyd (1987) noted udder abnormalities as the 1 Pairs of letters indicate breed groups in which letters indicate the breed of sire and dam, respectively, of cows in that group: Romosinuano (R), Brahman (B), Angus bulls from outside sources (O), and Angus bulls born and raised in the research herd (A). Breed groups sired by Angus bulls are also presented by source of Angus sire (outside and those raised in the research herd).
2 Breed group proportions for calving difficulty differed from χ2 expectation (P = 0.04). Breed group proportions for occurrence of calves with inadequate vigor at birth did not differ from χ2 expectation (P > 0.11). Breed group proportions of cows with observed udder problems differed from χ2 expectation (P < 0.04). 1 Pairs of letters indicate breed groups in which letters indicate the breed of sire and dam, respectively, of cows in that group: Romosinuano (R), Brahman (B), Angus bulls from outside sources (O), and Angus bulls born and raised in the research herd (A). Breed groups sired by Angus bulls are also presented by source of Angus sire (outside and those raised in the research herd).
2 The "other" category included 2 premature births (1 each AR and OR), 1 injury (BA), and 1 sickness (BB). The remainder was not assigned to a definitive category and is unknown.
3 Lightning losses include 6 dead and 7 orphaned.
most important factor influencing mortality of calves born to Sahiwal-cross cows. In the present study, only 2 deaths were calves born to cows that had been observed with an udder problem. All but 1 of the 9 calves lost as a result of calving difficulty were sired by Brahman bulls. Our previous anecdotal perspective was that the majority of calf mortality occurred either at the very beginning or the very end of the calving season. The earliest calving dates ranged from December 23 through January 2 in this project, and the last calf was born from 89 to 102 d later, depending on the year. Three of the 31 nonlightning calf deaths in this project were calves born prematurely (1 of those was classified as calving difficulty because the cow had a difficult birth a week earlier than the first calving date). Although over 50% of the deaths occurred in the first month of the calving season, neither proportions of deaths by month nor by week differed from χ 2 expectation (P = 0.57; Table 7 ). The majority of the calf deaths were at birth (17 of the 31 deaths that were not related to lightning); 3 occurred in the first week after birth, and the remainder occurred from that time until weaning. Similar proportions were reported in Bos indicus crossbred cattle in Australia (Holroyd, 1987) .
Cow Udders and Removals
A low proportion of the cows in this project exhibited udder problems ( Table 1 ). The proportions of cows in each breed group with at least 1 observed occurrence of udder problems are shown in Table 5 . These differed from χ 2 expectation (P < 0.04) and were largest for Brahman straightbreds, cows sired by Angus bulls and out of either Romosinuano or Brahman dams. If the project had continued long enough to observe these cows at more mature ages, there may have been more differentiation between breed groups; however, udder problems and abnormalities have been observed early in a cow's life, often severe enough to merit removal at young ages (Kersey DeNise et al., 1987; Riley et al., 2001) .
Over half of the 57 cows removed from this project (Table 8) were removed as a consequence of reproductive failure, followed by health issues (independent of calving difficulty). This value is higher than reported proportions of cows removed for reproductive failure from other projects (Rohrer et al., 1988; Bailey, 1991; Riley et al., 2001) . Arthur et al. (1992) reported a similar value but with a removal criterion of 1 failure to wean a calf in Bos taurus cattle. A higher proportion of straightbred Bos indicus cows (0.66) was removed for reproductive failure as compared to Bos indicus-Bos taurus crossbred cows (0.17) in Puebla, México (Ríos Utrera et al., 1998) . Health issues included 5 cows removed because of injuries, 7 cows that deteriorated to the point that they either died or were removed, and 3 other deaths with the cause undetermined. A lightning strike in a single pasture in 2008 was responsible for 9 cow deaths. Excluding those, breed group proportions of cows that were removed differed from χ 2 expectation (P = 0.01). The number and propor- 1 Proportions of calf deaths by week or by month did not differ from χ2 expectation (P > 0.56).
2 The total proportion is the number of calf deaths divided by the total number of calves born. Pairs of letters indicate breed groups in which letters indicate the breed of sire and dam, respectively, of cows in that group: Romosinuano (R), Brahman (B), Angus bulls from outside sources (O), and Angus bulls born and raised in the research herd (A). Breed groups sired by Angus bulls are also presented by source of Angus sire (outside and those raised in the research herd).
2 Breed group proportions differed from χ2 expectation (P < 0.02).
tion of Brahman cows that died or were removed from the project were largest among breed groups, followed by F 1 Brahman-sired cows out of Romosinuano dams.
Suitability of Romosinuano for U.S. Crossbreeding Programs
Romosinuano crossbred cows did not perform poorly in this study, but they did not clearly excel; for reproductive traits through the ages evaluated, the breed could not be recommended as a suitable replacement for Brahman. However, the performance of the Romosinuano-Angus F 1 cows should be considered and interpreted acknowledging the depression on performance that could have occurred because of the greater potential for calving difficulty because they were exposed only to Brahman bulls. The need for extended recovery after parturition, maybe even for births not noted as difficult, may have resulted in longer mean calving interval for those breed groups. Romosinuano-Brahman crosses could perform adequately in subtropical cow-calf production, although the estimates of heterosis for reproductive rates were less than one-half of the estimates for Brahman-Angus.
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